The dynamic three-dimensional culture of islet-like clusters in decellularized liver scaffolds.
Diabetes mellitus is a worldwide metabolic disease which constitutes a major threat to human health. Stem cells with the ability to differentiate into insulin-producing cells (IPCs) could provide unlimited sources of transplanted cells and solve allogeneic rejection problems. The decellularized scaffolds could provide IPCs with tissue microarchitecture and intact vascular systems. The goal of this study was to engineer intact whole rat liver scaffolds and repopulate the stem cell-derived IPCs into the scaffolds to discover whether the decellularized scaffolds could facilitate the growth and development of IPCs. Decellularized liver scaffolds were obtained using 1 % Triton X-100 with 0.1 % ammonium hydroxide. Architecture and composition of the original extracellular matrix were confirmed by morphologic, histological and immunolabeling examinations. Islet-like clusters were differentiated from Wharton's jelly mesenchymal stem cells (WJMSCs) by a three-step induction procedure. The differentiation was evaluated by morphology, RT-PCR, immunofluorescence and glucose stimulation experiments. The islet-like clusters were recellularized into the decellularized scaffolds by the portal-vein infusion method and cultured by the dynamic circulation perfusion device. After cultivation, hematoxylin-eosin staining, immunofluorescence and RT-PCR were conducted. Our results demonstrated that the decellularized rat liver scaffolds have favorable biochemical properties and could support the survival of WJMSC-derived IPCs. In addition, the three-dimensional decellularized scaffolds could enhance the expression of the insulin gene compared with two-dimensional plate culture. In conclusion, these findings suggested that the decellularized scaffolds could provide a suitable platform for cellular activities of IPCs such as survival, differentiation, proliferation and insulin secretion. This study provides fundamental support for regenerating insulin-secreting organs from the decellularized scaffolds combined with stem cell-derived IPCs as a potential clinical application.